In a recent letter, Koch et ~. 1 considered the effects of quantum corrections on the voltage noise in a current-biased resistively shunted Josephson junction. For measurement frequencies much less than the Josephson frequency and for a heavily overdamped junction they predicted a spectral density for the voltage noise (1) Here, I 0 , C, and R are the critical current, capacitance, and shunt resistance of the junction, I and V are the current and voltage, and R 0 is the dynamic resistance. Equation (1) is based on the assumption that the noise arises from equilibrium noise currents in the shunt resistor with a spectral density We fabricated the junctions (inset, Fig. 1 ) by first depositing a 10 ~m wide Cu(3 wt. %Al) shunt 40 to 100 nm thick, followed by a 250 nm-thick Pb(20 wt. %In) film patterned into a 10 ~m-wide cross-strip using a photolithographic lift-off procedure. The junction was defined by opening a 2.5 vm diameter window in a SiO insulating layer, while a second window set the shunt length at 5 vm. After patterning the resist for the upper electrode, the exposed metal surfaces were cleaned by rf sputter-etching in Ar, and the In 2 o 3 oxide was grown thermally in 0 2 . Finally, the 400 nm-thick Pb counter electrode was deposited. This Pb film also formed a ground-plane for the resistive shunt, reducing its inductance to about D.2pH. The junction capacitance was estimated to be 0.7pF, while the critical current ranged from 0.1 to 15 rnA (0.2 to 30xl0 4 A cm-2 ), depending on the oxidation parameters.
The shunt resistance, typically O.ln, was chosen to be much less than the sub-gap quasiparticle tunneling resistance.
The low frequency voltage noise of each junction was amplified with a cooled 30 or 100 kHz LC-circuit coupled to a room-temperature low-noise preamplifier. The noise was mixed down to frequencies below 100 Hz, and the power spectrum of the low-frequency noise was measured with a computer. The junction current was supplied by batteries, with cold filters in the cryostat.
In each measurement, we determined the stray resistance in the tank circuit by measuring the Q with zero bias current in the junction; in the same way we determined the dynamic resistance at each current bias. The spectral density of the noise from the stray resistance (if significant) and the measured spectral densities of the preamplifier voltage and current noises were subtracted 4.
from the total measured noise to give the junction noise. The system noise temperature was about 2.5K, while the uncertainty in the preamplifier noise and tank circuit gain contributed a mean error of !lxlo-24 v 2 Hz-1 for a typical junction. The system calibration was checked using the noise from known resistors at 300K, 4.2K, and 1.4K; the overall accuracy was !5%.
As a test of our measurement system and of the effectiveness of the shielding, we first measured junctions with K<<l in which Eq. (1) reduces to the Likharev-Semenov 2 (LS) result where quantum corrections are negligible:
(2) Figure 1 compares the measured noise with the predictions of Eq. (2), where
we ave use R 0 = -0 /I , R be1ng the measured res1stance at very high bias currents. The agreement above the noise-rounded region 3 is excellent.
We next studied junctions with K>l, and discovered the resonant structure illustrated in Fig. 2 . In certain limits, the presence of the shunt inductance, Ls' can profoundly affect both the I-V characteristic and the voltage noise.
The equivalent circuit is shown inset in Fig. 2 . From our computer simulations, we find that the I-V characteristic will show substantial resonant structure similar to that shown in Fig. 2 in Fig. 2 (n is an integer). In addition to the modification of the I-V characteristic, the increased non-linearity of the phase evolution results other hand in the mixing down of noise from multiples of the Josephson frequency; on the/ in the model leading to Eq. (1), such contributions are negligible.
We have investigated in detail two junctions with K>l that exhibited strong resonances. Figure 3(a) shows the spectral density of the noise measured on one junction at 1.4K. The magnitude of the spectral density scales approximately as R 0 2 By measuring the total noise at 100 kHz and 30 kHz, we found that this junction also exhibited 1/f voltage noise. We subtracted the spectral densities of the 1/f noise at 100 kHz (typically 20% of the total) and of the noise at the measurement frequency, 4k 6 TR 0 2 ;R, from the total noise to determine the mixed-down noise at 100 kHz (we assumed T=l.4K). The mixed-down noise is also shown in Fig. 3 .
We have computed the noise expected from the circuit shown inset in Fig. 2 using the equations of motion (3) and (4) Here o is the phase difference across the junction, Is is the current through
Ls and R, and VN is the equilibrium noise voltage generated by R with spectral density
6.
we measured R by suppressing the critical current with a magnetic field and chose the values of Ls and C to try to match the observed resonant structure. The values of Ls and C were consistent with the values estimated from the geometry. Figure 3 shows the computed spectral density of the mixeddown noise. For comparison, we show also the computed mixed-down noise using a noise spectral density for the resistor without the zero point term,
The result using Eq. (6) clearly underestimates the measured noise throughout the range of measurement.
The agreement between the measured noise and the noise computed using Eq. (5) is quite good below about 120 ~V, but at higher voltages the measured noise lies somewhat above the predicted value. Furthermore, the measured and predicted resonances are mis-aligned, indicating that our choice of Ls and C were slightly incorrect. We believe the discrepancy in magnitude arises from self-heating of the junction .. from measurements of the noise in junctions with identical geometries in the low-K limit in which quantum effects and self-resonances are unimportant, we estimate that the self-heating is about 1.7K per microwatt of power dissipated. Thus, at 200 ~V we expect the temperature of the shunt to be about l.OK above the bath temperature, thereby increasing the noise. This increase is small for the mixed down term, but significant for the noise generated at the measurement frequency. To allow for this effect, we have added the additional Johnson noise at the measurement frequency due to the increased temperature of the shunt to the computed mixeddown noise. In addition, we have also shifted the computed resonant structure 7.
to align it with the measured structure; we emphasize that the necessary values of Ls and C remain consistent with our estimated values. The effect of these two corrections on the computed spectral density is shown in Fig. 3(b) :
The agreement with the measured spectral density is now rather good.
We believe these results provide strong evidence first, for the existence 
